Nontronite is the iron (III) rich smectite having a chemical composition consisting of more than ~30% Fe 2 4 (Deer et al, 1992; Gates, 2002) . Commonly, kaolinite minerals contain silica 45-56%, alumina 9-14%, iron 0-4 %, calcium or magnesium absent (Jepson and Browser 1975 ), yet smectites contain silica 20-37%, alumina 10-25%, iron 5-16 %, calcium or magnesium 5-15%, sodium or potassium 5-15% range (Bain, 1986 , Gates, 2002 . Smectites consist of two silica tetrahedral sheets for every one octahedral sheet yet kaolinites consist of one tone sheets of tetrahedral to octahedral sheets (SouzaSantos, 1989; Tyagi et al, 2006). The transformation of bentonites to illites and kaolinites under the hydrothermal alteration decreases the smectite content via replacement by kaolinite or halloysite and precipitation of various silica polymorphs, carbonates, sulphates and sulphides (Christidis et al, 1995) . Many bentonite deposits were formed by in-situ alteration of airborne and water transported volvanic ash in shallow lake and sea water (Jeans 2000; Nadežda et al, 2011; ; Basim 2011) . Primary bentonites form by in situ hydrothermal alteration of ultrabasic volcanic glass, ash or feldspar and both smectite and kaolinite rich clays can result from tropical weathering and the acid or basic nature of the environment is the determining factor for the clay type formed (Brigatti et 
Acid Activation
Activation of clay is a chemical or physicochemical treatment applied to clay to develop capacity to adsorb coloring matter and other impurities in vegetable, animal or petroleum oils (Lamar, 1951) . The activity of clay denotes surface chemical and physicochemical reactivity leading to increase in surface area of solid (Gregg, 1992) . The purpose of activating clay is producing modifications on surface of material for use as adsorbent for liquid, solid or gas or obtain high rate of reaction or dissolution. Acid activation involves removal of exchangeable interlayer ions as well as dissolution of tetrahedral and octahedral ions from alumina and silica layers (Vanzuela-Diaz and Souza-Santos, 2001 ) and replaces them with hydrogen causing structural deformations. The mineral composition and texture of acid-leached clays changes (Foletto et al, 2011; Franus et al, 2004; Rozie et al, 2010) . Methods used to enhance or to activate the properties of a natural clay or clay mineral for several industrial uses; physical -alteration of particle size (specific surface area) mechanically; thermal -alteration of chemical composition and/or crystalline structure by the effect of temperature; chemical usually limited to ionic exchange: therefore, it does not include massive chemical destruction of the clay mineral structure; pillaring which is chemical and physical restructuring of the clay mineral structure to increase capacity for adsorption or to make spaces that encourage adsorption of specific ions. Bleaching is an adsorption process in oil refining and the most critical stage since it helps to improve the appearance, flavor, taste and stability of the final oil products by removing colored and colorless pigments from the oil (Didi et al, 2009; Usman et al , 2013; Farihahusnah et al, 2011) . The acid activated bentonites were suitable for decolorization of cottonseed oil through removing carotene and chlorophyll with bleaching capabilities of up to 88.9% (Zhansheng et al, 2006) . High bleaching performance of bleaching earth was found to depend on acid concentration, contact time and the temperature of the activation process (Farihahusnah et al, 2011; Usman et al, 2013; Makhoukhi et al, 2008 ).
Vegetable Oil
A vegetable oil is a triglyceride extracted from a plant. A triglyceride, triacylglycerol, or triacylglyceride is an ester derived from glycerol and three fatty acids (Nomenclature of Lipids, 2006) . Triglycerides are the main constituents of vegetable oil are typically more unsaturated and animal fats are typically more saturated (Nelson and Cox, 2000) . Triglycerides are formed by combining glycerol with three fatty acid molecules. Alcohols have a hydroxyl group. Organic acids have a carboxyl group. Alcohols and organic acids join to form esters. The glycerol molecule has three hydroxyl groups. Each fatty acid has a carboxyl group. In triglycerides, the hydroxyl groups of the glycerol join the carboxyl groups of the fatty acid to form ester bonds: HOCH 2 CH (OH)CH 2 OH + RCO 2 H + R'CO 2 H + R''CO 2 H → RCO 2 CH 2 CH(O 2 CR')CH 2 CO 2 R'' + 3H 2 O Such oils have been part of human culture for millennia (4,000-year-old 'kitchen' unearthed in Indiana, 2006) . The term vegetable oil can be narrowly defined as referring only to plant oils that are liquid at room temperature (Parwez, 2006) or broadly defined without regard to a substance's state of matter at a given temperature (Robin, 1999). Vegetable oils are composed of triglycerides, as contrasted with waxes which lack glycerin in their structure. Although many plant parts may yield oil in commercial practice, oil is extracted primarily from seeds. There are many triglycerides: depending on the oil source, some are highly unsaturated, some less so. Saturated compounds are saturated with hydrogen; all available places where hydrogen atoms could be bonded to carbon atoms are occupied. Unsaturated compounds have double bonds (C=C) between carbon atoms, reducing the number of places where hydrogen atoms can bond to carbon atoms. Saturated compounds have single bonds (C-C) between the carbon atoms, and the other bond is bound to hydrogen atoms (for example =CH-CH=, -CH 2 -CH 2 -, etc.). Example of an unsaturated fat triglyceride is shown below. Left part: glycerol, right part from top to bottom: palmitic acid, oleic acid, alpha-linolenic acid. Chemical formula: C 55 H 98 O 6 Sunflower-seed, cotton-seed, Olive, corn, soybeans and all other seed oils fall in the general family of oils known as vegetable oils. The purpose of refining oil is to eliminate impurities present in crude oils in order to obtain high quality oil. The refining processes improve the appearance and flavor as well as chemical stability. However, in Japan, USA and European countries, the nutritional quality of edible oils is becoming is becoming important. Refining has the purpose of not only eliminating phospholipids, free fatty acid, peroxides, polymers, pigments and secondary oxidation products, but also minimizing free fatty acids formation and tocopherols (Kellen, 1997). Typical oil refining processes include degumming, chemical or physical refining, bleaching and deodorization (Ericson, 1995) . During deodorization, thermal degradation of vegetable oils may occur, the double bond may isomerize from cis to trans (Ackman et al, 1974 ) and tocopherols may be lost (Ferrari et al, 1996) . Tocopherols are important lipid oxidation inhibitors in food and biological systems (Kamal-Eldin, and Appelqvist, 1996). However, tocopherols are drastically reduced during degumming, refining, bleaching and deodorization Ferrari et al 1996; Kellen, 1997) . Formation of turbidity in canola oil was facilitated with addition of acetone, and a method to measure the sediment content based on the oil turbidity has been developed. Canola oil was mixed with acetone at the ratio of 60:40, and the turbid solution developed in an ice bath for 20 min. The turbidity of the oil solution was determined using a turbidometer. The relation between turbidity of the oil solution and sediment content was nonlinear and could be correlated by a second-order polynomial. There was no difficulty in the development of turbidity in canola oil solutions in the presence of added lecithin (2%, w/w). However, with added lecithin, turbidity was 23% higher at the same sediment content (Hua Liu et al, 1996) . Various minor components of vegetable oils will have a significant impact on soy oil oxidative stability, and the amount of these various minor components decreases as degree of processing increases (Jain et al, 2008a (Jain et al, , 2008b . The reason for refining vegetable oils is to remove substances that reduce oil quality (Jawad, 1983) . The steps of refinement are degumming, bleaching, winterizing, steam distillation, neutralizing, and deodorizing (Hoffman, 1989) . Minor components that are removed in these stages include tocopherols, pigments especially carotenoids like lutein, and phospholipids (Lindley, 1998) . The tocopherol content of oils is dependent on plant genotype, climate conditions, and processing and storage conditions (Rabascall and Riera, 1987) . Very low concentrations of tocopherols are sufficient to protect vegetable oils from oxidation. Usually one tocopherol molecule can protect between 103 and 108 polyunsaturated fatty acid molecules (Kamal-Eldin et al, 1996. The natural antioxidants are removed during each step of the oil refining process (Kellens, 1997) . It is also known that the various refining steps may affect oxidative stability of vegetable oils.
The average loss of total tocopherol content during the refining process was found to be greater than 30%. Carotenes and xanthophylls, chlorophyll, diketones, and browning products are carotenoid pigments, but lutein and other carotenoids are known for their ability to protect against oxidation by absorbing light and preventing photo-oxidation (Choe and Min, 2006) . Oil turbidity is a measure of cloudiness in a liquid. Oil components that contribute to turbidity include saturated triglycerides, waxes, free fatty acids, hydrocarbons, and sterols (Popov et a!, 1970; Morrison and Robertson, 1975) . These components are present in refined, bleached, and deodorized oils in parts per million and parts per billion concentrations, making their removal difficult (Morrison and Robertson, 1975) . Studies on vegetable oil turbidity particularly implicate sunflower oil mainly due not only to its wax content but also its saturated fatty acids, especially stearic and palmitic acid (Leibovitz and Ruckenstein, 1981) . The wax content in sunflower oil decreases with degree of processing (Leibovitz and Ruckenstein, 1984 ) and may vary with seed variety, geographical growing area, and seasonal growing conditions. However even other oils may have varying turbidity. Turbidity can be determined by measuring absorbance at 600 nm. The reduction in turbidity of bleached oils can be a good measure of the extent bleaching and efficiency or performance of the process of bleaching. The maximum antioxidant activity is observed between 3 and 60 ppm. The removal of these phospholipids will result in the removal of metals like iron and copper, increasing the oxidative stability of the processed oils, though the mechanism of this action is not well understood. Degumming reduces the phosphorus content of the oil from 500-900 ppm to 12-170 ppm, similarly reduction occurs in turbidity of oils. It was reported that in European countries, the quality parameters for refined edible oils include low levels of trans fatty acids (TFA) < 1% and high retention of tocopherols because of their health implication (Ahrens, 1998; Aro et al, 1998) . Deodorization conditions have been set such that tocopherols loss never exceeds 25% (Kellens, 1997 ). The processing conditions should be carefully evaluated in order to reduce the loss of tocopherols and the formation of TFAs during refining (Medina-Juarez et al, 2000). The transmittance of 20 per cent oil in acetone improved from 37 to 57 per cent at 570 nm (Volotovskay et al, 1974) , there was also marked reduction in color of rice bran oil by destruction of pigments. The process of degumming of dewaxed rice bran oil had little or no effect on its specific gravity, refractive index, smoke point, acid value and peroxide value. Degumming of dewaxed rice bran oil reduced its phospholipids content from 3.90 to 0.51 per cent, similarly its absorbance and turbidity decreases.
Adsorptive Bleaching
An isotherm is the expression of the relationship between the partial pressure of adsorbate gas, or solute concentration in solution, and the surface coverage of the adsorbent at a constant temperature (Gregg and Sing, 1997) . The Langmuir isotherm has been used to describe the oil pigment adsorption and adsorption of other minor oil solutes during oil processing. A plot of p/n against p gives a linear relation (Yuksel, 2003) . The Langmuir isotherm has been applied to pigment adsorption from vegetable oil. The distribution of coloring materials and other pigments between the liquid phase and adsorbent is a measure of equilibrium position in the sorption process and can generally be expressed by one or more series of isotherms (Kaynak et al, 2004) . In this study, the turbidity and sorption characteristics of color, chlorophyll and carotene pigments onto the clay adsorbents can be mainly discussed on the basis of Freundlich and Langmuir isotherms (Kaynak et al, 2004) . The removal of the main coloring pigments (chlorophyll, β-carotene and red color) in neutralized sunflower and/or cotton oils with different types of bleaching earth materials has been examined in a pilot system at temperature of 105 ºC and pressure of 50 mmHg and bleaching earth dosage (Topallar, 1998; Ujeneza et al, 2014; Topkafa et al, 2013) . Freundlich (1906) developed equation 1.1 relating adsorption to residual solute concentration.
1.1 The bleaching capacity of an adsorbent and its characteristic manner of adsorption may be described, respectively, by the k and n parameters defined by Freundlich (Rossi et al, 2003) . Langmuir (1916) showed the distribution of adsorbed molecules over the surface in form of unimolecular layer and at the dynamic equilibrium between adsorbed and free molecules the relation in equation 1.2 is true.
1.2
Where p is equilibrium pressure for substance adsorbed, x is the amount of substance adsorbed, m is the amount of adsorbent, and a and b are constants. As absorbance and turbidity measurements can be taken in all experiments involving the bleaching processes, the relative quantity of pigment adsorbed, x and the residual relative quantity at equilibrium, Xe are obtained from equations 1.1 and 1.2 (Boki, et al, 1994 ).
1.3
1.4
Where Ao is the absorbance of unbleached crude oil and At is absorbance of bleached oil at time t. Using equations 1.3 and 1.4 and writing Xe instead of equilibrium pressure, P gave equations 1.5 and 1.6 (Achife and Ibemesi, 1989).
1.5
1.6
The heat of adsorption, ∆ Ha , may be calculated in a manner similar to that used to calculate the heat of vaporization of a liquid using the following modification of the Clausius-Clapeyron equation (Smith, 1970) :
Integration of equation 1.7 gives; ln P = − ∆Ha/ RT + c 1.8 Where c is constant of integration. For the bleaching process, Equation 1.8 can be written as follows; ln Xe = − ∆H a /RT + c 1.9 The heat of adsorption, ∆Ha, is given by product of slope and gas constant. Boki et al, (1992) have applied the Langmuir and Freundlich equations to the adsorption isotherms of  -carotenes on montmorillonite, activated clay and sepiolite from alkali-refined rapeseed and soybean oils. Application of Langmuir and Freundlich equations to adsorption isotherms for bleaching of crude sunflower seed oil with bentonite and showed that absorbance of bleached sunflower oil decreased as the concentrations of bentonite increased with increase in temperature between 60 and 90 o C (Kara et al, 2008; Topallar, 1998; Ujeneza et al, 2014) . In this study we examine the use of variation of turbidity of bleached oils in describing Freundlich and Langmuir isotherms in bleaching of oils using Ugandan clays. The vegetable oils are bleached to remove impurities like coloring materials, trace metals and bad odor so as to improve sensory quality and oxidative stability of deodorized oils (De Greyt and Kellen, 2000) . This study has investigated variation of turbidity of bleached oils as a measure to establish the quality of bleached cotton and sunflower oils.
MATERIALS AND METHODS

Sampling Methods
Four composite clay samples were collected from Kajansi, Mutufu, Budadiri and Chelel. The samples were respectively labeled A, B, C and D. The samples were collected at depths in range of 35 -150 cm from the surface to minimize the effect of weathering and contamination.
Preparation of Clays
Raw samples of clays were separately soaked in distilled water, sieved to pass through a mess 5.3 x 10 -4 m diameter to exclude silica and sand stones, dried and ground to powder using a rolling mill. Experiments were performed in triplicate. The clay was washed with plenty of distilled water to remove contaminants. After drying in the oven at 105 
Leaching of Clays
Clay powder (10.0 g, 0.02 mol) was mixed with acid (50.0mL) of appropriate concentrations (5, 10, 20, 25% v/v) in a flask. The mixture was heated at 105 o C for 4 hours; then cooled and filtered. The residue was washed to neutrality with distilled water; then dried at 105 o C in the thermo-stated oven (Kutlic et al, 2012 ; Nadezda et al, 2011). The dried leached powders were re-ground, labeled and stored for future use. The activated clay samples form Kajansi were labelled A1, A2, A3 and A4 where the numbers in these labels referred to the concentrations of the acid used. Those from Budadiri, Mutufu and Chelel were respectively designated as B, C and D with 1, 2, 3, 4 designating the strength of acid used to leach the clay in respective strength of 5. 10,20 and 25%. All samples of activated clay were stored in polyethylene bags for bleaching studies.
Degumming of Vegetable Oils
Crude oil (100.0 g, 0.43 mol) was placed in a flask, 85% phosphoric acid (1.0 g, 0.1mmol) was added, the mixture heated at 90 o C while stirring at 900 revolutions per minute for 10 minutes under nitrogen blanket. The oil was filtered under nitrogen. This method was reported by Car (1978) and modified by Saadia (1992).
Adsorption Isotherms of Bleached Oil
Mixture of the appropriate alkali-refined crude oil (100.0 g) and appropriate clay powders (1.0 g) was placed in 250cm 3 Pyrex glass vacuum flask fitted with a magnetic stirrer, connected to a vacuum pump. The flask was immersed in a thermo-stated iso-electric mantle at temperatures, 40, 50, 60, 70, 80, 90,100, 110, 120 and 130 o C (Patterson, 1992) . The mixture was heated while stirring continuously for a further two hours at the set temperature under high vacuum (8.5kPa). The hot oil and clay mixture was filtered in nitrogen atmosphere and tested by measuring its turbidity ( Kaynak et al, 2004 ).
Turbidity
The turbidity of bleached and unbleached oil was determined using a Jenway turbidometer (model 6035) in the wavelength range of 550-600 nm (AOCS, 1981, Turkulov et al, 1986).
Bleaching Efficiency
The turbidity of bleached and unbleached oils was measured using Jenway turbidometer. Bleaching capability or efficiency was evaluated using the following formula (Srasra et al, 1989) . BE = 100(To-Ts)/To 1.7 Where To is the turbidity of unbleached oil, Ts is turbidity of bleached oil and BE is bleaching capability. Bleaching of oils by adsorption removes some pigments. It has been well accepted that carotenoids, chlorophyll, squalenes, tocopherols and other pigments are the main solids present in vegetable oils; removal of these pigments decreases turbidity of bleached oils.
RESULTS AND DISCUSSION
Chemical analyses of clays used in this study were determined and published in earlier papers (Mukasa-Tebandeke et al, 2015). And in another study, clay sampled at A was shown to averagely contain ≈59+0.045% silicon dioxide, 20+0.045% aluminium oxide, 9+0.045% iron oxide and other elements (Nyakairu et al, 2002) . However, clays from magmatic sediments,B, C and D contained major elements with relatively high magnesium oxide, ranging from 23.9 to 40.4 % and low silicon dioxide and aluminium oxide, ranging from 12.8 to 29.0% (Herzig et al, 1998) and their data confirms the data we have adduced in this study on clays from B, C, and D which are associated with volcanic margins of Mountain Elgon. The loss on ignition of the selected clays used in this study lie in the range from 6-10% an indication that heating clays to 105 o C results in loss of structural water from the clay (Ball, 1964 4 (Gates, 2002 ).
The vegetable oils are bleached to remove impurities like coloring materials, trace metals and bad odor so as to improve sensory quality and oxidative stability of deodorized oils (De Greyt and Kellen, 2000) . This study has investigated variation of turbidity of bleached oils as a measure to establish the quality of bleached oils. The turbidity for unbleached, crude sunflower-seed and cotton-seed oils were respectively determined to be 6.580 and 7.383.
Figure1a. Representative plot of variation of turbidity of bleached cotton oil against temperature
Figure1b. Representative plot of variation of turbidity of bleached sunflower oil against temperature of activation
As shown in Figures 1a and 1b , the values of turbidity decreased as the concentrations of the acid used to leach the clays increased. This showed that best bleaching clay was obtained when acid of higher strength had been used to leach the clay. As leaching removed octahedral ions form clay lamellas leaving a silicon dioxide skeleton with many sites over which adsorption of solids like color bodies and pigments adhered. The turbidity values also decreased as the temperatures at which the clay matrices had been thermally activated increased. High temperatures have capacity to dehydrate and dehydroxylate clays exposing silica on the surface of the clay and increasing bleaching ability of the clay which decreased cloudiness of the oils. Hence turbidity decreased as temperature increased. Thus demonstrating that acid-leaching and thermal activation improved the capacity of the clays to hold back colored impurities and solids in the oils (Boyd, 1988) . However, clays activated at temperatures above 120 o C bleached oils with higher turbidity values than those activated at lower temperatures because activation at higher temperatures removed the crystalline water of the clay matrices (Dandy, 1965) leading to formation of larger pores in the clay matrix. So some colored impurities readily eluted with the oils. Loss of water of crystallinity retards the bleaching capacity of the clay because the water or hydroxyl groups in the clay matrices facilitate bleaching through exchange of ions (Balaras et al, 1999) . Bleaching involves adsorption of coloring matter and other impurities on bleaching earths. Therefore a comparison between the color and turbidity of bleached and unbleached oils is of great importance, can be best presented in form of adsorption isotherms. The isotherms portray what takes place in the entire bleaching process at various temperatures. Adsorption isotherms of pigments from alkali refined oils were presented showing that Freundlich and Langmuir equations can be used to elucidate adsorption characteristics of pigments on clays and sepiolites (Boki et al, 1992) . The color and turbidity of bleached and unbleached sunflower-seed and cotton-seed oils have been used to study the nature and extent of adsorption of the impurities in crude oils on clay materials (Mbah, 2005; Topallar, 1998) . The decrease in turbidity of cotton and sunflower seed oils on being bleached has been explained in a similar way to what Hui (1996) noted when they separately observed the 5-20 % reduction in the red color of soybean, canola and palm oils occurred during the bleaching with acid activated bleaching earths. They noted that a breakdown occurs in chlorophyll and carotene concentrations for which it was concluded that the increase in adsorption activity of clays after acid treatment is due to the weakness of the Si-O bonds in the clay structure (Hui, 1996) . Basing on turbidity, the bleaching efficiency of the clays A, B, C and D increased with increase in mass percent of acid and temperature as shown in Table 1 . The increase in bleaching performance resulted from progressive removal of octahedral cations from the clay as the concentration of acid increased leaving a silicon-oxygen skeleton on to which impurities adsorbed with ease. Highest bleaching efficiency observed for cotton oil was 45% when bleaching was carried out at 100 o C using clay leached in 25% sulfuric acid. This has been used to assert that optimum bleaching is attained at this temperature because energy needed to activate the clay surface would have been gained by the clay at that temperature. Since calculation for Xe used in Langmuir isotherms necessitated knowing value of x, the decrease in turbidity of oil caused by bleaching, it has been observed that the value of x increased with increase in temperature and mass percent of acid used from 8% to 26% for oil bleached at 40 o C using clay D and 30% to 40% for oil bleached at 100 o C. The bleaching efficiency for clay C operating at 40 o C increased from 9 to 23% yet at 100 o C it increased from 23 to 37%. The turbidity for unbleached, crude sunflower-seed and cotton-seed oils were respectively determined to be 6.580 and 7.383. The values of turbidity for the bleached sunflower seed oils processed at different temperatures using clays activated with acids of varying concentrations were obtained and used to calculate the changes in turbidity and relative turbidity. As turbidity decreased as the temperature of activation of clay and concentration of acid in the leaching medium increased, the amount of pigment adsorbed, x, increased and the residual relative amount at equilibrium, Xe, decreased for the bleaching of sunflower and cotton seed oils.
Table1. Bleaching efficiency, BE
The decrease in turbidity with increase in temperature and concentration of acid used, has been interpreted to show that the bleaching capacity of the clays studied increased (Rich, 1964; Topallar, 1998) . The increase in bleaching ability was caused by removal of octahedral ions from the clay matrices by the acid and dissociation of water, to produce hydroxyl groups on the clay surface (Jadambaa et al, 2006; Balaras et al, 1999) . For sunflower and cotton seed oils, the relative values of quantity of pigment adsorbed, x, mass of clay used, m, and the residual relative quantity in equilibrium, Xe, showed that effective bleaching occurred. The turbidity of bleached cotton-seed oils decreased as the temperature of activation and concentration of the acid in the leaching medium increased. This showed that the amount of pigment adsorbed, x, increased and the residual relative amount at equilibrium Xe, decreased for the cotton-seed oils which were bleached.
The values of turbidity for the bleached cotton and sunflower seed oils processed at different temperatures using clays activated with acids of varying concentrations were obtained and used to calculate the changes in turbidity and relative turbidity. Turbidity decreased as the temperature of activation of clay and concentration of acid in the leaching medium increased, the amount of pigment adsorbed, x, increased and the residual relative amount at equilibrium, Xe, decreased for the bleaching of cotton and sunflower seed oils. The decrease in turbidity with increase in temperature and concentration of acid used, showed that the bleaching capacity of the clays studied increased (Rich, 1964; Topallar, 1998) .
The increase in bleaching ability was caused by removal of octahedral ions from the clay matrices by the acid and dissociation of water, to produce hydroxyl groups on the clay surface (Jadambaa et el, 2006; Balaras et al, 1999) . For cotton and sunflower seed oils, the relative values of quantity of pigments or bodies adsorbed, x, mass of clay used, m, and the residual relative quantity in equilibrium, Xe, showed that effective bleaching occurred. The turbidity of bleached cotton and sunflower-seed oils decreased as the temperature of activation and concentration of the acid in the leaching medium increased. This showed that the amount of pigments adsorbed, x, increased and the residual relative amount at equilibrium Xe, decreased for the cotton-seed oils which were bleached.
The data in Tables 2 and 3 shows that as the amount of impurities adsorbed increased, the residual relative amount at equilibrium, Xe, decreased for the bleaching of sunflower and cotton seed oils as mass percent of acid used to leach the clay increased. There was also decrease in relative residual amount of impurities in equilibrium with increase in temperature at which the clay was bleached showing the performance of the clay depended on both acid concentration and temperature. The least value of Xe of 0.55 was registered when cotton oil was bleached at 100 o C with clay D leached in 25% sulfuric acid. This indicated that clay gained the highest bleaching efficiency of all the clay studied. The other clays used in the study did not gain high efficiency at bleaching probably due to retention of octahedral cations since these were shown to retard bleaching (Balaras et al, 1999) . The data in Tables 2 and 3 revealed that effective bleaching occurred in the ranges of temperatures between 40 and 90 o C because both Xe and x/m values decreased within this temperature range for all clays studied. However, the decrease in Xe and Xe / (x/m) was most rapid for the clay D from Chelel, leached in 25% acid mixture because the original clay had the highest nontronite content among the clays studied. So it gained the highest bleaching capability (Christidis and Kossairi, 2003 ). An isotherm expresses the relationship between the partial pressure of adsorbate gas, or solute concentration in solution, and the surface coverage of the adsorbent at a constant temperature (Gregg and Sing, 1997). The Langmuir isotherm has been used to describe the adsorption of pigments or color bodies and other minor oil solutes during oil bleaching process. The Langmuir isotherms in increased from as low as 0.8579 + 0.017 for A1 to as high as 0.9838+ 0.017 for A4. This revealed the adsorptive capacity of clays was strongest when the clay had been leached in 25% sulfuric acid. This indicated that the capacity to bind impurities and suspended solids was only fair because of steric interferences between the adsorbed and free impurities present in vegetable oils being bleached was low (Travis and Etnier, 1981; Olsen and Watanabe; 1957). The R 2 values for clay D increased from as low as 0.9332+ 0.017 for D1 to as high as 0.9874+ 0.017 for D4. This revealed the adsorptive capacity of clays was strongest when the clay had been leached in 25% sulfuric acid. So the capacity of leached clay to bind impurities and suspended solids was high because of steric interferences between the adsorbed and free impurities present in vegetable oils did not set in during the bleaching process when these clays were used. It was reported that high degree of linearity was observed when the soil had not reached its saturation point with the adsorbate because of presence of many adsorptive sites (Hundal, 1988) . So linearity would be extended to higher concentration of impurity in oils. The values of Langmuir constants a and b were calculated and listed for every clay with the linearized isotherm as shown below. Langmuir isotherms for cotton oils were;
The values of the Langmuir constants a and b decreased with increase in concentrations of the acid used to leach every clay studied because leaching increased the number of adsorption sites per unit mass of clay. The values of a and b decreased also with increase in the temperature at which the clay was thermally activated. This was due to the heat of activation of the clay leads to increase in number of adsorption sites per gram of clay matrix. However, the decrease in values of constants a and b for clay D were particularly higher than those for any other clay studied, as this clay had a much higher smectite content than others used in this study. So its activated forms had higher numbers of adsorptive sites for colored impurities and suspended solids in the raw cotton and sunflower seed oils. The linearity of the isotherms was a function of impurity concentration, availability of surface adsorption sites and interactions between the adsorbed impurities and impurities still remaining unadsorbed in the oil being bleached (Hundal, 1988) . As clays B, C and D showed greater degree of linearity of isotherms than clay A, it has been concluded that acid-leached smectites obey Langmuir adsorption more closely (Alemdaroglu et al, 2003) . The tests conducted, where bleaching was optimized at different temperatures and concentrations acid to activate clays, the slopes for the Langmuir isotherms were positive showing that bleaching capacity and surface area increased with increase in both temperature and concentration of acid used (Alemdaroglu et al, 2003) . So linearity would be extended to higher concentration of impurity in oils. As long as the clay material did not easily reach saturation with the adsorbed impurities, the Langmuir isotherms obtained were highly linear. The degree of linearity reduced as the saturation point for the clay was approached (Vandenbruwane et al, 2007) . Clay materials with fewer surface sites where impurities adsorb easily deviate from linearity of Langmuir isotherms. Similarly, clays whose surface sites have non uniform enthalpies of adsorption deviate from linearity, as the sites compete for the impurities in the oils being bleached (Travis and Etnier, 1981; Fried and Shapiro, 1956 ). The nature of first class Langmuir isotherms are determined by sorption characteristics of soil minerals (Kothawala et al, 2008) . Nitrogen adsorption data for the characterization of nanoporous silicas were observed to give excellent linear Langmuir isotherms in the low pressure range and deviated at higher relative pressure (Jaroniec and Kruk, 1999; Allen et al, 1998). The deviation from linearity of Langmuir isotherms occurs in three regions, which is attributed to existence of surface sites having multiple adsorption free energies (Srinivasan and Fogler, 1990 ). The adsorption of impurities in oils may be governed by impurity-oil and impurity-clay surface interactions (Travis and Etnier, 1981) . Steric interferences hamper adsorption. The increased linearity as temperature increased for all the clays tested confirmed that the bleaching activity or decolorizing power of the clay matrices increased with increase in temperature up to a maximum at range between 90 and 110 o C. When adsorption conforms to the Langmuir equation it can not be used as absolute proof of the mechanism (Gregg and Sing, 1997). If bleaching is carried out at temperature in range between 90 and 110 o C oils with good characteristics are obtained, indicating that at this temperature the crystal structure of the clay materials are not greatly changed as crystal water would not have been lost (Dandy, 1968 ). This evidence is also used to indicate that the water or/and hydroxyl groups in the clay play a major role in the bleaching of vegetable oils (Rich, 1964) . The gradients of the graphs in Figures 1a-1d and 2a-2d increased positively with increase in concentration of the acid used to leach the clay because acid-activation of the clay greatly enhanced the bleaching capacity of the clay. Acid-leaching removed octahedral ions like sodium, magnesium, calcium and potassium ions from the clay matrix which retard bleaching (Balaras et al, 1999) . Removal of octahedral ions left a silica skeleton with enhanced adsorptive properties (Boyd, 1988; Hassan, 2006; Madejova, 2007) . Langmuir constants decreased with increasing temperature for all adsorbent systems used. This indicated increasing availability of adsorption sites with elevated temperatures because all sites were not energetically equal (Boki et al, 1992) . Langmuir constants decreased with increasing concentration of acid used to leach the clays as well as the temperature used to activate the clays. This indicated that acid-leaching and heating up to temperatures below 90 o C increased availability of adsorption sites because all sites were not energetically equal (Boki et al, 1992) . Bleaching involves adsorption of coloring matter and other impurities on bleaching earths. Therefore a comparison, in form of adsorption isotherms between the color and turbidity of bleached and unbleached oils is of great importance. The isotherms portray what takes place in the entire bleaching process at various temperatures. Freundlich and Langmuir isotherms were presented and shown to elucidate adsorption characteristics of pigments in oils on clays and sepiolites (Boki et al, 1992) . The color and turbidity of bleached and unbleached sunflower-seed and cotton-seed oils have been used to study the nature and extent of adsorption of the impurities in crude oils on clay materials (Mbah, 2005; Topallar, 1998) . The decrease in turbidity of cotton and sunflower seed oils on being bleached has been explained in a similar way to what Hui (1996) noted when they separately observed the 5-20 % reduction in the red color of soybean, canola and palm oils occurred during the bleaching with acid activated bleaching earths. They noted that a breakdown occurs in chlorophyll and carotene concentrations for which it was concluded that the increase in adsorption activity of clays after acid treatment is due to the weakness of the Si-O bonds in the clay structure (Hui, 1996) . The representative data in Tables 2 and 3 , have been used to calculate the logarithmic relation (Achife, 1989) . The data in Tables 4 and 5 give the values of log (x/m) and log Xe for clays A, B, C and D used in the study. The representative data in Tables 4 and 5 showed decrease in the relative residual quantities of impurities in oils within the temperature range between 40 and 90 o C, it can be inferred that effective bleaching takes place in these temperature range. Bleaching is accompanied by enthalpies of adsorption due to decrease in relative residual impurities with increase in temperature and concentration of acid used to leach the clays. The values in Tables 4 and 5 showed that the extent of adsorption of impurities from vegetable oils increased as temperature of clay activation increased, further indicating Freundlich adsorption isotherms can be developed for the bleaching of vegetable oils using clay adsorptive materials. The method used in this study to predict adsorption of impurities in vegetable oils was successfully employed in bleaching hazelnut oil, to investigate the applicability of the Langmuir and Freundlich equations and to elucidate the adsorption characteristics of oil on bentonite EY-09 (Bensan Co. Ltd., Edirne, Turkey) using adsorption isotherms (Yuksel, 2003) . The representative data in Tables 4 and 5 was plotted to yield Freundlich isotherms shown in Figures  3a-3d , 4a-4d, 5a-5d and 6a-6d. The extent of adsorption increased with temperature and clays leached with 25% acid showed highest adsorptive tendencies. The coefficients of linearity, expressed as R 2 values for clay A increased from as low as 0.9484 + 0.017 for A1 to as high as 0.9922 + 0.017 for A4. This revealed the adsorptive capacity of clays was strongest when the clay had been leached in 25% sulfuric acid. This indicated that the capacity to bind colored impurities and suspended solids was high because of steric interferences between the adsorbed and free impurities present in vegetable oils being bleached was low (Travis and Etnier, 1981; Olsen and Watanabe; 1957) .
The R 2 values for clay D increased from as low as 0.9739 + 0.017 for D1 to as high as 0.9739 + 0.017 for D4 on cotton oils. Yet for sunflower oils it varied from R² = 0.9638+ 0.017 to 0.969 + 0.017. This revealed the adsorptive capacity of clays was strongest when the clay had been leached in 25% sulfuric acid. So the capacity of leached clay to bind colored impurities and suspended solids was high because of steric interferences between the adsorbed and free impurities present in vegetable oils did not set in during the bleaching process when these clays were used (Nodvin et al, 1986) . The values of Freundlich constants k and n were calculated and listed for each clay with the linearized isotherm as shown below. The high linearity showed that the clay did not have limitations resulting from overcrowding, steric interference, thermodynamic instability at high impurity concentrations of adsorbate (Hundal, 1988) . All clays used in this study have been described by the Freundlich isotherms within lower concentration ranges (Kothawala et al, 2008 ). Freundlich adsorption isotherms assume monolayer adsorption capacity, multi layer sorption leads to deviation from linearity. Clays with low adsorption capacities easily deviated from linearity because they easily got saturated with impurities from oils causing steric interactions to occur between the adsorbed and unadsorbed impurities (Nodvin et al, 1986) . If the clay got saturated with impurities, repulsion sets in which makes the isotherm non linear. As the Freundlich equation is valid for any color measurement method, provided the units are additive and proportional to the oil pigment concentration, so it has been possible to elucidate changes in turbidity using it. If acid leached clays are activated at higher temperatures than 100 o C changes their crystal structure is altered through loss of water. Loss of water may reduce capacity of clay to adsorb impurities, causing deviation from linearity. This is indicated by marked change in gradient and point of saturation. The values of the Freundlich constant k and n were obtained from plots of log Xe(x/m) against log Xe. The vertical intercept is k and slopes of the linear graphs is, n characterizing the bleaching power of the clay and the manner in which impurities adsorb on the clay respectively (Bijay, 2009; Boyd, 1988; Norris, 1964; 1982) . The larger the value of k the higher bleaching performance of clays. The values of k for all clays increase with increase in strength of the acid used to leach the clay. Leaching with more concentrated acids resulted in creation of more adsorption sites in the resulting clay matrix. The highest ‗k' value obtained with clay D leached in 25% sulfuric acid. The k constant is a rough measure of the surface area of the adsorbent (Achife and Ibemesi, 1989) . The value of the Freundlich constant n is used to determine the range of decolorization within which the adsorbent is most effective. An adsorbent with a higher value of n will be relatively effective at binding impurities in oils, but inefficient at bleaching oil to a low color value (Achife and Ibemesi, 1989) . The numerical value of n indicates a favorable sorption if less than unity (Gezici et al, 2007; Ahmaruzzaman et al, 2005; Zschau, 2001) . The values of the Freundlich constants obtained in this study are very close to those obtained by Topallar (1998) . The values of n decreased with increase in leaching acid concentration due to proportionate increase in the bleaching strength of the clay (Gadzekpo et al, 1991 ). The differences in bleaching efficiency of the clays may be due to differences in the surface properties resulting from leaching clays (Falaras et al, 1999) . The Freundlich constant k increased with increase in temperature for both oils, showing that the formation of adsorptive sites on the clay rose. In this respect, the acid-activated clays behaved like the Turkish clay used in bleaching hazelnut oil (Yuksel, 2003) . The clay matrices used to bleach the oils were heterogeneous because they have Broensted and Lewis centers. In addition, they contain different phases of clays, such as kaolinite, nontronite and illite layers, which also have active centers on their surfaces. Similarly, heterogeneity of Cyprus bentonite was attributed both to different active Broensted and Lewis centers on the smectite surface and to the different phases present in clay, such as illitic layers and clinoptilolite, which also have active centers on their surfaces as the clay was a mixture of illite and bentonite (Christidis and Kossairi, 2003; Falaras et al, 1999) . Another brand of Freundlich isotherms is obtained by plotting the log e relative residual impurity concentration, ln Xe, against the reciprocal of the absolute temperature at which the bleaching process was performed. The data for this purpose has been presented in Tables 6a, 6b, The data in Tables 6a, 6b , 7a and 7b show that there was increase in ln Xe with increase in temperature and mass percent of acid used due to decrease in turbidity of oils caused by rise in the bleaching efficiency of the resulting clay matrix. This indicated that the energy released during bleaching would increase with bleaching temperature and mass percent of acid used to leach the clay. The data in Tables 6a, 6b, For the clays used the linearity increased with mass percent of acid and temperature. As Freundlich adsorption isotherms assume monolayer adsorption capacity. Complications arise when clays and clays minerals exhibit multi-layer adsorption tendencies at high impurity concentrations; causing deviations from linearity of the isotherms plotted. The Langmuir and Freundlich isotherms showed very high degree of linearity, it has been proposed that all clays developed very high adsorptive tendencies for the pigments and suspended solids in the oils being bleached. This coincides with information published by the European Group of Clay Analysts (Beneke and Lagaly, 2002) , who reported that clay minerals or aluminosilicates in general, once acid-leached, turn into silica hydrate or silicic acid. The heat of adsorption, ∆Ha, may be calculated using equation 1.9 given below; ln Xe = − ∆H a /RT + c 1.9 By plotting lnXe against the reciprocal (see Figures 7 to 10 ) of bleaching temperature and obtaining the slope of the graph, the heat of adsorption, ∆Ha, is given by product of slope and gas constant. . Although the values obtained are less than those obtained for adsorption from gaseous phase, the fact that energy is evolved confirms the applicability of the Freundlich isotherms to the decolorization of cotton and sunflower seed oils (Ujeneza et al, 2014) . The values enthalpies of adsorption obtained in this study were less than 20kJ mol -1 , indicating physical adsorption process occurred. This involves weak van der Waal's forces only (Topallar, 1998; Rich, 1964) . The values enthalpies of adsorption are lower than expected because turbidity measurements may not be as thorough as absorbance at expressing the extent of adsorption during clay bleaching of vegetable oil.
CONCLUSIONS
The following conclusions can be drawn from the results of this study:
Measurements of turbidity equally express the processes which take place during bleaching of cotton and sunflower seed oils as shown by the highly linear Freundlich and Langmuir isotherms obtained in this study.
